The mechanical properties of a cell's environment can alter behavior such as migration and spreading, and control the differentiation path of stem cells. Here, we describe a technique for fabricating substrates whose rigidity can be controlled locally without altering the contact area for cell spreading. The substrates consist of elastomeric pillar arrays in which the top surface is uniform, but the pillar height is changed across a sharp step. Preliminary results demonstrate the effects on cell migration and morphology at the step boundary.
Summary:
Cells generate traction forces in the nN range during adhesion and migration [1] . In order to quantify the mechanical interaction of cells with their environment, it is important to control the mechanical properties of the cell's environment, and measure the forces exerted by the cell. To this end, we use a high-density microfabricated array of elastomeric pillars, which provide direct measurement of the traction forces. The forces are deduced from the measurement of the deflection of these pillars. Previous studies demonstrated the importance of the rigidity of the substrate in numerous cellular processes (ranging from migration to adhesion and also cell differentiation) [2] [3] [4] .
In this work, we want to study the effect of a boundary between two different rigidity substrates on cell behavior. In order to properly study the influence of a sudden change in rigidity, pillars with different stiffness, but the same contact surface area, need to be designed on a single substrate. To achieve this goal, we sought to fabricate PDMS pillar arrays in which the pillar diameter and top surface remains constant, but the pillar height, and therefore the stiffness, changes abruptly ( Figure 1j ). Figure 1 shows the process used to fabricate these molds. The mold for these arrays consisted of etched silicon substrates, as shown in Figure 2 .
The fabrication process starts with thermal growth of 950 nm oxide. The desired pattern was replicated in positive photoresist. After developing, it was treated with a long post exposure bake in order to smooth the sidewalls, then descummed in O 2 plasma. The oxide layer was etched, using the resist as a mask, in fluorine based system. Silicon was then etched to desired depth in chlorine-based ICP-RIE system using oxide masking. After removal of the oxide mask, oxide is deposited conformally on the whole wafer. The surface of the wafer is then planarized by a CMP process. Photoresist was spun on the wafer and then half of the patterned area was exposed. After developing and etching silicon in Bosch process, the desired height step is obtained. The rest of the oxide was removed in BOE ( Figure  2 ). The wafer was piranha cleaned, plasma cleaned and silanized with tridecafluoro-trichlorosilane in vapor phase. PDMS was poured over the silicon substrate, cured at 70°C for 12 hours, and then peeled off in ethanol. The scheme of the PDMS template fabrication is shown in Figure 3 .
These PDMS substrates have the advantage that their stiffness can be easily modified by changing their geometry, and can precisely detect the cellular activities. Surface rigidity modifies cell migration, adhesion and by likely force exerted by cells on the substrate.
Observation was made with mesenchymal stem cells plated on elastomer pillars with different heights and therefore different rigidity (Figure 4) . A marked difference in phenotype can be observed in either side: they look more round on the soft part and more spread out on the stiff part. This behavior could lead to different differentiation paths in the two areas. 
